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Case
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Pheochromocytoma 32 y

Pheo 58 y

Contralateral pheo 37 y

Paraganglioma 61 y

pNET, RCC, 
hemangioblastoma 42 y

2010: VHL, SDHD, SDHB and RET –
2015: SDHA VUS (class 3)

2020: VHL c.414A>G; p.Pro138=

SDHA VUS
VHL +

2018:



Normal result does NOT exclude a hereditary condition

4Techniques/knowledge may not allow
detection of causal variant (false negative)

4Causal gene is not analysed or still
unknown

4(Multifactorial inheritance)

à Risk estimation
à Clinical criteria
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Hereditary cause suspected?

4Young age at diagnoses 
à Earlier than “usual” age!

4Bilateral or multifocal

4Several associated cancers in one individual 

4Strong family history

4Specific clinical features (rare)

4Rare tumors

4Somatic mutations in predisposition genes?



Rare tumors with high probability of germline 
predisposition

4Ovarian Cancer BRCA1/2, …
4Pancreatic adenocarcinoma BRCA1/2, …

4Adrenocortical carcinoma TP53
4Thymic gland carcinoid tumors MEN1
4Medullary thyroid cancer MEN2 (RET)
4Pheochromocytoma / MEN2, SDHx,

paraganglioma VHL, …

4Sex cord tumors with Peutz-Jeghers
annular tubules (STK11) 

4Large-cell calcifying Sertoli STK11, Carney 
cell tumors of the testes (PRKAR1A)
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Adapted from: Banks KC, Moline JJ, Marvin ML, Newlin AC, Vogel KJ. 10 rare tumors that warrant a genetics
referral. Fam Cancer. 2013 Mar;12(1):1-18. doi: 10.1007/s10689-012-9584-9. PMID: 23377869.

4MPNST NF1
4Acoustic or vestibular Schwannomas NF2
4Choroid plexus carcinoma TP53
4Hemagioblastoma VHL

4Chromophobe oncocytotic Birt-Hogg-Dubé
and/or hybrid renal tumors (FLCN)

4Endolymphatic sac tumour VHL
4Sebaceous carcinoma Lynch / Muir-Torre
4Multiple cutaneous leiomyomas HLRCC (FH)
4Desmoid tumor FAP (APC)
4Pulmonary pleuroblastoma DICER1
4Jaw osteosarcoma TP53



Tumor sequencing: somatic vs germline?
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416 322 paired samples (tumor + germline)
à 1494 (8.7%) germline mutations in 65 CPS genes



Germline actionable genes often found in tumor panels
French guidelines US guidelines

Pujol et al. Eur J Hum Genet. 2018 Dec;26(12):1732-1742

Group 1
• Screening and/or prevention strategies available
• Follow-up germline testing recommended

Group 2
• Genes with significant risks
• Detection/prevention possibilities but level of 
evidence too low to measure the real benefit of 
an intervention in asymptomatic setting (not yet
sufficient evidence to develop guidelines)

Group 3
• Genes with moderate risk of cancer and/or 
prevention

• Limited or nonexistent therapeutic possibilities
• Not recommended to give information to the 
patients



VAF in tumor material ↔ germline origin?
General rule:
Theoretically: heterozygous variant VAF=50% (30-70%) 

BUT - VAF affected by 
4tissue heterogeneity 
4tumor / clonal heterogeneity
4copy number abnormalities
4sequencing artifacts, statistical fluctuation particularly 

with shallow sequencing depths

Somatic TP53 pathogenic variants

Germline TP53 pathogenic variants

COFFEE ET AL, HUMAN MUTATION 2019



Case example (1)
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primary cholangiocarcinoma
metastasized to lung & ovaries – age 50

Solid tumor NGS panel on cholangiocarcinoma (60% tumor cells):
• CDKN2A  c.266_275delinsAAG p.(Gly89GlufsTer55) (VAF=71%) 
• TP53 c.848G>C p.(Arg283Pro) (VAF=88%)
• Deletion PTEN

EDTA blood: none of the variants detected

Brain tumor
Died at age 60

Brain tumor
40

Brain tumor
40

Breast ca
60

Colon ca
78



Tumor mutation spectrum
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APC STK11
4 Somatic STK11: lung ca, rare in CRC (1%)
4 Germline: 

4Peutz-Jeghers syndrome (STK11):
• Increased risk for a wide variety of 
epithelial malignancies (colorectal, 
gastric, pancreatic, breast, and ovarian 
cancers) 

•Mucocutaneous pigmentation

Mansoor et al. International Journal of Surgical Pathology 2013



4High prevalence of somatic
mutations in cancer

4<1% germline
4+/- 6,8 % if diagnosed <30y
4>10% in associated tumors <30y 

(non CNS)

Tumor mutation spectrum: TP53 - Li Fraumeni 



Considerations to determine if referral for germline 
testing is warranted
4Known cancer predispositions gene: 

4Most frequent : ATM, BRCA1, BRCA2, CHEK2, DDX41, GATA2, …

4VAF > 30 %

4Normal tumor mutation spectrum

4Founder mutations

4Same variant in multiple primary tumors of the same individual

4Hypermutated tumors

4Personal and family history consistent with affected gene / phenotype
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Is tumor sequencing is sufficient to rule out a 
germline variant?
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• 2023 cancer patients 
• Pathogenic germline variants in 617 (30.5%) 
• 8.1% of germline mutations were missed by tumor sequencing



Take home messages
4A germline VUS should not be used for clinical descisions

4Bilateral, multifocal and rare tumors are more likely to be hereditary

4Normal results ≠ normal risk / sporadic
à familial risk (SNPs/environment), wrong technique/gene, non-coding variants

4Substantial burden of germline variants across a range of tumor histologies
à Preferably inform the patient prior to genetic tumor testing about potentially revealing 

data with clinical impact  for relatives 

4Consider referral for genetic counseling in somatic variants with suspicion of germline 
origin
à High VAF (>30%) in an actionable cancer predisposition gene, …

4Tumor testing cannot substitute for germline testing
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